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Abstract 



A control apparatus can maintain a substantially constant temperature of a reforming reaction in which a, 
partial oxidation reaction occurs. The control apparatus can be used for a reformer that reforms 
reformate fuel into fuel by an endothermic reforming reaction and a partial oxidation reforming reaction. 
The amount of oxygen supplied for the partial oxidation reaction is determined based on an amount of 
the raw material and on theoretical reaction heats of the endothermal and the exothermal reaction of the 



respective reforming reaction and partial oxidation reaction. 
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WRiiiX'comui^m&t i,zm-:^\^x^-ttm^mm^ 

t:. mMm'Mmicomm-i^^MRjEt.x'comiwmtnz 
m'^^^xmiE-t&mixmE^B^wizmz.x\,^i,zti: 

miniE^Bt ^mzmtx^^h :i t i:mib-r?>m^ 

CH3 0H + H2 0—3 H2 +c 

(1) 

i>-h. iSmmB'tmgi^^t&fcibizii. ^WR^S-tt 

CH3 OH+ I/2O2 — 2H2 
(2) 

[0004] rii<^c7)7K^e5(WRKfcg5:»S!-fC55t®R 

mRmx'co^.^mi^m^mmK^<r>^mx'mo ^ fc*^' 

>-X-rA*J. #^T7 - 5 7 7 5 6-^^fBtc£^$nT 

■i<o'^mi,zim^tifzmmx'i,i. ziyyuy^- 

[00 05] 

X Ztlt^cO^^mBifiWit^liZl =i:JU(7):>( y—MZ'0\,^X 

^. ttzRmz§i^mitiSimR}Bif}^i&mx'$}tni. 



[0001] 

^"mmmm^^wmhtcLiiii^Wizmth i>^x' 

[0002] 

[«!*«osifi] ::com<o^m^tLX. ^^y-ypfc* 

^•t^m^cr)i,<r>ipmi=tlX^^^ , -?-cO»®S-C<^K® 
O2 (+CO) -49.5 (kJ/mol) 

[0003] -:tr. ^ ^'y-;uc7)Si®KJEBfc LT, H-ft; 
iiJi, TiE<0^-C^$^iS J: 0 tzmJRSSX-fit. 
+ CO2 +189.6 (kJ/mol) 

[0006] ncoj: 0 i.zu'imimMm.m^^x^^'th 
fcLTt), ^(TiK^cnmm.i.ziiryXimMKm^zmn^ 

±MLti'/imzMm^tit:mtcr,i^Xy-J^X'ii. gB^K 

wnztm-r tfimmx'i> o , mzmimm^j: t'cosL 
nm\t:mm-ri>x.:^-fi'^-^?^x'<oM.^<o^i,zw 

^b'l!Xn^<^m^^^l>zKt:*) . -ei^ifea. 
[0007] iiO%H3{i:±iSW^t35:t?Jtt LT^r^ix 

•6. 

[00081 

[^SS-W^'f-|./ii^<7)^SfeJ:l/^<7)f^^] C:<7)5%B3 
{4, lMicoSmi:m&-rhrzif>l,z^ Si^mt^tl^M 
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[0 0 091 ^iiMmm2ff)%mi. nimi<^mmz 

ii^'^im<r>m^i}-t>^'^Rmt. x'<r>mfmixi.zm-:s\ ^ 
xmiE-thmixWE^m:mzmtx\^h:Lb im^h 

[0010] m^mscTiwm. i (ommz^sax. 
X. ^%m\m.mwmm.thmt<r>^im^-th 

?aJSe?ai^©ts ^di^tit:iim.^zm-:S\^x . mfiei!^ 

[ 0 0 1 1 ] -e LxwmA cn^m. mm i <r>m^ 
tcan t X . HuieKS««^£f <7)KMRjiB*>'* t-humzm- 

WAk wmmmm^^m'^^zixrzmmm t i.zmrs 

m.h-rhi><7)x:hh. 

mm.'^m:^mi,zm^ixi>mmff>m.ti^. ^n-t^^^ 

j**»rfe<^iaKfcMa#-*-sit*«T&, ^-oiga, est® 

[0013] t.tin^2<r>m^\,zxixi,i. ^mmff> 

mz^mifih h^-k. ^<r>m.amm{zi^ 3 ^nRmcrm 

(0014] if^«3c05*Hj{cj:^x(f , K®RJS<7)^t 

h^^ffi'm.<.zmrs\^x. mim.mzm^tihwmmk 



[0015] ^LTi9««4co^Hfl{c:J:ixtf . i!jgfii^; 
[0016] 

&x^x;i.df-^^fc LxmAmm^mmLtzi^x^j^ 

\,z-:>\^Xmm■th. 02{i-eo-«!iJ2r^fl<ltS^LTfe 

*), ftmmffiiojKf^aafflt, ^v.^2ifimn^tixy.^ 
tefcitrstiOT'^oT. estir«SiR*Mfe-rs»iB?ftSf3 

"^mmim^^Mhm^i t^zi.':,xm^^tix\.^ 
h. ^(nmtmtLxii. m!smi:f<-±i.zii^x 
mm^^hmm.(r>i>(r>^Mmmi:9m\,zx ^xm^t^ 

x:icmM36l,zli. MftjBm<o-MT*S;<:J'y-;p 

^t, tfz^m:^'Xff)-mX'hi>?^%t:mi^-ti>:r.T-m 

i^^io-^m-fhtix^^^. z<7)a^r-mi^^ioiiM 

[0 0 18] ttz. m^^lUi. pt^ y-)VhA^h<ri 

m.-km^mii^-thiSLwm^m^utL.xr^yy\ \tm 
m^ixx\^^. ^Lx:iffym^ihmsmm.meh 
^:^m^i2i,zX':,xmBM^mz^^tix\.y 

[0019] mSSm^Ali^ ±t LX^:S'y-fl^<^SL 
mRmizi: •oXym'S:±:&'i^t-t^iSm^^t:m.^'± 

( 1 ) ^x'7P^tLi>\,'>t>t^i>7mmn.'Mmiib , ( 2 > 

^<^^mi±t^it?>t:Mz, msiZTjk^XolrZ, «tt 
iS^if'mx.l£2 8 0—3 0 oxMm<omJh<^fm*^h^ 
tmmm4 itfi^^y^'i-4 2mzm.ii'r(>tLxti'o . 

ibizmmt:mikthSi^^itx.r-m^'S4 4*<sfigs 

ixTV^S. -?-LTicOgS^Mbxr-ft*&'g4 4tCxr 
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[0020] ^-f>f^-A2<7>m^UA3mtm 
liJP4 smtiiZM^ MISyi4 l(7)aSSr«lffiLTfi^S: 
Ui^J-r&iaJS-fe V1f4 6 , 4 lifHx^tlWM^ttX\^ 
$(i,fc:SfajP4 51B!lC(±, S.-n-^-y^A8tiWS.i 

[0021] ±fB«0 ( 1 ) ^teil/ ( 2 ) 5«iT'^-rtt« 

•T) imthth^\.z^ xr-fltt&S814Srfiii.Tfc 

•3, R^gP4T'*«:^-^:A^KM;«';^$raj^S-<^€.Ci:{c 
iO, ^Ki}:^i.zist.ixh-mmmi:^'¥<nmmiz 

[00 22] — :^r, BmtS?fiU4. -mt LT. roh 

fitt-CfiSSffi 1 St^Slffi (l^li) 1 6i: 

^^ft, z<r>i:o-^j:m^<nmmmi^mMM.wzmmL. 

mti.zii'^xm^^ix. mmm stfettsR^sii, 
mt\i^(,z&^^^(r)^^hh\.A±i\^^-^J^^£}i<r> 
mki^^^'^z^ll'Mim.b^fiX\^h. ^LXZCO 

mmmi5i,zfmiSi'Mm2t<mM^ti. zziz^icm:^:^ 

^ /sSmfiS 1 6 izii. Tiiyy^ fc'^oxr-^l&gp 17** 
[0023] =5:13, «-mfiil 5 , 1 6tc{±, 

^xoizmm^tix^.'^i. ttizcom^mi>z\i^ mcs-t 

>-9-2 0*«:r^§*lTV^S. §/i>{c>f VA-^' 1 

ti, ^:-^'2 l*iSgg§nTt^S. ic7)^:-:5'2 1(4, 

[0024] ±M<r)mm 1 5X'^t hym<r>^ ^y'lt 

Lf.Z7km>!f:^(7>^X(,Z'y\,^X^ti>tRTli^<, ^<nK 

mmM. m-%x'h*). i.titi''>xmw&i 3m*>t> 

m:V^i,Z\immcmm&:^'^-t^j:hh:Am:^'^ti^^t. 

^msomm e izmttubic u ->'® 2 2 
tmmm 1 tmm^e t s-jSiiUc^stcisasix-cv^ 

-a. #i;tC:i7)ij^'->-'g2 204'SI»(C*4. -g-cOrtgPSr 
«a!rrS;y;^<ogE*&«iJ«tt*7tJ^>(!oa[4PS#2 3*i 

^imfmi-zmmnxoizm^^tixi^^, S'^tc, 



[00251 lirissfiasT ics«-&is«M«<ofifc*&^ 

CU) 2 4*^iS^t<^.i^TV^•5. <lcO«^$lJffll$Sa2 4 

ia»«iasis (CPU) fciet^a (ram, ro 
M) tAiii:f]^ yi$'-y:^-xti:±iiit'tt\.^t>vp^ 

mSS-fe 2 0 <7)ai:^J«^i: > B?ieiftS4r >^4 6. 4 

7 O^Kffifi^ , MiSff :»J-fe 4 8 coeiUlfi^ t 

[0026] ±^L7te(mSI2c7)a3ise«)^l!)mc-9t^T 

if. i^4(yyi iizx*)msii7iz^i^^tih. zti 

ltznLxmmM2 4lzli. M«^^'y-;u*H:xi''x^7 

zinzmx.x^m*imytf:^i:'ttsm/fxi}iv 
^■yri o{cj:-5Tfitj§§fi6. zcrmmj<^y-)Uti 

[0027] 7 T-^ t^^Cli-^^fi, K®gB4 C 

5^<bix§. -rcOK«^4tcig«t'^>ix/^ffl^MMt::J:-5T 

tt:ztLtnmz. j^T-7tfyn 3*»^5escffgB4icflt 
*&$^t-^c^^ t ^ ^' y -/^^: ogp^sr-fbK®^*** b 

r<^gR:»-l!m®M13S«±3ait^c (2) ^f^S 
[0028]^ y-;We:)*simeSt®RJE{i:©i?ftSJET- 

4fc L < J: -5 iz^mtr^m-th Ztl,zX<J,^ 
mm4X'cr>m&:i->^'yyx^-±. Sj®gB4tf0iajS*^<5 
{y-^l^tfi^S/rS. L:^*«oT5S:®S4r<01!fc<oa5A 

[00291 Rm4 -c^t-hifxii. mmmzii, * 
<^mt. ymii7.ifcomms^wkthmz:i.r 

-ffiJ&SCl 4*»^«*&$ixS2?^*c^i!SfcKJBLT- 

'S:ff^tmmw&nzin-ftimmi 5i,zmt>fi. 
3g^:t>'*<m»®iK^^LTS^si emx-mmtK 
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[ 0 0 3 0 ] ±^ L/itt«jSgT-<7)a!Sge4 ictift&ia 

ai-rs (xf--yri ) . ^cr>&.nmmm.Fk (moi/s) 

[00 3 1 ] ^fc, ^^y-;WSr7K^KSfoJ;tJfgS^ 

mmvti ( 1 ) iCiiJitJf (2) sCCS^^fctJO-CfeO. 
L7t**-:>Te5j«g?4C«t*&L3t;<:J'y-;UcO$^2 1 %Sr 

fcl^;PcO^:?y-;l'5rl!'ft;K®-r.S.7ta^(c{4, (2) 
;it*«oTFk (boI/s) ^0Ka«8S^^^^tT^^^Sf:■r•S 

^^mtJ^r-MFpo (1/s) 14, asser-^i^^jixs. 

Fpo(l/s) =0.105XFk (mol/s) X22.4 (l/mol) XI 
00/21X298/273 

zzx\ r 100/21 J {4^^^wl^«s^osms^ST-^) o . 

r 298/273 J limi&^2 5-'Ct Ltz^^^coimc^m 
jEX'hh. 

[0032] iHWim<7i&i^it^-^fzi§^. ^tHzi^ 

tzi!bc7^mmtixr/m%mx'(r>m'^tf^h^tzib. zti 

Fpol=Fpo{t-tO) 

jswxr-fifc Lxntii$ti:i,mt:mmj^<m^m^t:c 
T-mtLxum-th. tfc. (7)Wiimi:-^ 

Fpo2(l/s) = Fpo2oldXr/' (DT+zr) +FpolxD 
ry (DT+zr) 

Thh, zzT, DTi±mmmmx'i>*) . ttivii—}^ 

mtl<^Mtl(7M^i:mtAX'h 0 , $ {= Fpo2old{4 F 

po2<7)-mmmmmcommx'$) h . 

[0033] ort, 3l®SP4T'iOSfaiP4 5iB!<?5«aS 

Fpo3=Fpo2+KpX (Trot-Tro) +KixZ (Trot 
-Tro) 

•5. Trot«asc«SB4<o«tajffl!ir<7)esiaST-s>'5, $ 

LTE (Trot-Tro) tiSgia^Ttot t^tdliajgTr 



tzm^i.zi&\.^^\.z\i^^m{t:i^r-mt:m±^^h z 
n-fbxr-fiSrMffli^i.o 

[0034] ? ^>teSi:®gP4£7)gSAPffi!l^0jaSlcS-:?v^ 
TaiJ4J-K^fcXT-a^«iE-r& (Xx-yr4) . ifl 

COT-, im±mzms-r^nm<r>^itim±-rizbt: 

Fpo4=KdecXFpo3 

iOiSlLtCii), Xx-yr3T-^if)JtfflSrffljE-r*. .ic: 
T, Kdec J4at®gP4«08EAP4 3ffl!I<:0iaS-bV-^4 6 

(C<t-:.T:^ti5SttJta«Tri CC) iOraiScrS) •? , 

i: Lxm4 iz^mt^mm^iih . 04 {c:^i-Jiffl^ia 
->xmmm4 nzmi^^tnt^mmm^mi)^^'^^ 

WMSlizl&r^-^t^tit. ^:*3, K«SI540«SSUi4 1 
{=fcttl.iaJS^>^5<O-0iJS:ia3K:##efc UT^fC* 
•5. 

[0035]-^ LTUliiOJ: d iz LxniE^tLtiU^ 
'ftxT-*Fpo4 ^SLm^4l,zmi^-t^^<:^T~nty 

'ri3i,znLxm^m^^iii^-t^ (XT--xr5) . -e 

eX®gp4i7)ffiAffl!l<off:>j*JiS«th.tf. XT-;K 
3coti5:'J?r:^#<-r«.^*^S>'S.<OT', xr-^ 
3(,znt:^i^^mi:aTc0J: 0 i,zLxm.^-th . 

^■r. SegP4<r)SfabP4 5MCig(t?tE:'3-t>-t4 8 
xT-<7)a5jSgB40«l&P4 3<in:-<Off:^3SrJiS-rS. 
S.X'$>&. '^LX^coimLtzS.:fJ^'>-<y:^-:^tLtl 

sp^M-si^bxT-mi&afcxr-jKvrit^ffii: -y r 
tca^v%Txr-*f>rjg^fflSrS^f -s. ^(7)-7.yr 

®?a54 tc^t Lxmi^-r^^mtmfm<^Mt^^\.yz t tz 

i '5^<7)fit|Ap4 3ffl!lT'C0jBE^j?!)>*iSv^^i:'<?5^T-J>o 
Xii. -e/ttJEtTxr-^Kyri 3eDai:^*^:^#<^ 

2.<o-c, Sl5^i■Kfl2!^®K^s^=^e^^t■^-■^.a^olaRS■Ja:T: 

[0036] ±aL7ti •a (ci£0f6BHtc«**Jfflli$gt= 

i>i-lim®^lc:«$ix-5B!^ttJSa2ria^-r«.«0T', 
^mi4X'<r)m^Mbmi&ttii^-^^>::^V. ^-OiSJK 

jSU7t«fiK-«4, Bl®«^<7)^jli^aEBO®fLlcS-^<x 

r-a<oiijE^sai4 co«*^^sfajffli«oiajK{cs-:J 

t:ibl,z<;)mmm.-t^j:iyib§i^m'(tiAMKm<r>m&i)<Sm 
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ei®gP4co«»SP4 3IB!|t0ft^$fT./Sffi:^l{cS':JV^TX 

T-n^yyi 3tc*fri.ti^ffl2riS^-ri.*>^>s ^tbt 

=5r-:>.-Ce5r®SS4fiO^*5BSi:-r&iaSlC{5{2'-^Cti 
[00371 iiT-icO^Hfli:Jb3*L?t^f*:WlfcWB3f^ 

imm-r^ t,mi ic^-t:^T -yyi cowtmtfim^m i 

•yr3. 4*<iasffl]E*KK:«^-rs. -eLt:ii««4 
[ 0 0 3 8 ] ^rfc . i^vtzmTit. mmw& 1 

mi.zzcOWMt:mmLfzmi:^Lfci>K :i<OWMli. a 

im-thmw.i'Sm^zm\:.xmm-t i t h . ^ 

cossa^: i;'<?5f6c7)^mfiT'J> o T t J: V •> . 
[ 0 0 3 9 ] tTt. ±feoB.«s«iiK-{i:. &SgB<7)Sfatill!l 
<OJE:^ifc:^-:^v^Tfit*&ffl!lT'coE:>l2:fil^-r^ii: t Ltz 
ZcO^X'li. S8^l!'fbxr-<03j®SBt«-r-i>tt 

aigp<^£E^)5rii:«g!ai-ri. z t h^^m\::i^T-cr)^ii^ 

ffi Pffi^^^j SP^K^xr-<Ofi^*lMS:it^-r 
[0040] 

i^BM<m^: i^^±mmLfcx 0 izm^m 1 (o^mizx 
mi. si-^Mi\asLM^comizm^ti&mm<r)&tii, a 

[1141 




SS?iJ-<=5SllSrK)r^oaEi!tc«ll^-r I. ^: t i]<X'^ , -?-<7) 

[00411 ttim^m2£r>^mzi:tni. isi.nmico 

m(oi^mffjmixiz!Etxmi^mm&t:niE-thcr,x\ k 
wmm^t&m^coj&mtimzjEmirzim^ti, mm^ 

[00421 mimscnW'mzi.mi. e5j«KJc<^^ t 
i,m^<r>}§,mzmrs\^x . mm.m^zm^iihj^m^ 

[ 0 0 4 3 1 Lf i8^40lSBHt itijf . W^&m 

^^^x-m.^^ixfzm.crimM^mt^'^htzifx^m^m^ 
^<m'fs.mzmrs\^xwmiSiWi^m.^wc^h<7) 

[Hffiofsm^iftBfli 

[011 zcn^mziihmmmm.x'mi^fimmm 
[113 ] ^(o-smmw^mzTf^-trnx-hh. 

[04] iaStci-SgS^J-^xr-fitif&ScoaiESrfcC: 
=5: 3 tzUbcomL^m^-th-^y y<r>mi^mx'hh . 
[05 ] JE^)5r^<5^-^ t L7tfP^i!Ykxr-tt*& 

^•tmx-hh. 

[^?#oiiafl] 

I " *!mm?i!!. 2-ia«s, 3--Ma5. 4- 

KSSP, 13"Xr- 
24-m^0Jffl^S« 4 1-Mi«Ji, 4 
4-gP^BI'fbxT-St*&'i', 4 6. 4 7-iaS-feV 
-9-. 4 8 •BErJj-feV-^. 

[051 




api>4 (l/a) 
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